have recently been the subject of intensive investigations because of their unusual and potentially useful magnetic properties (e.g., the colossal magnetoresistance effect [1] ). At high temperatures these materials are paramagnetic and insulating; at low temperatures they are ferromagnetic and metallic-like for 0.1 < < 0.5. The temperature at which the insulatormetal transition occurs can be increased by applying a magnetic field. As a result, the electrical resistance of the material can be decreased by a factor of 1000 or more [1, 2] , if the temperature is held in the region of the transition. This phenomenon is now known as colossal magnetoresistance (CMR), and its microscopic mechanism is being actively sought.
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We report the oxygen-isotope effect on the ferromagnetic transition temperature Tc in the perovskites Lai_vCa,MnO,+v and SrRuO,. The oxygen-isotope shift of Tc in La,)8Ca,12Mn03+v is very large (>20 K), far larger than any isotope shift found for magnetic or electronic phase transitions in other oxides. In contrast, no sizable isotope shift was observed in the structurally-related ferromagnet SrRuO,. We also show that the oxygen-isotope exponent (a" = -din Tc/d\r\Mn) increases rapidly with decreasing the mean ion radius at the cation site La,_.rMeA (Me = Ca, Sr or Ba). Since there is no oxygenisotope effect on Tc in the ferromagnet SrRuO, with a negligible Jahn-Teller (JT) effect, the giant oxygen-isotope shift observed in the Ca-doped manganite is very likely related to the strong JT effect in this system. We suggest that a strong coupling of the charge carriers to the local JT distortions leads to the formation of JT polarons which are responsible for the observed giant oxygen-isotope effect on Tc. Our results provide a crucial test for the mechanism of the colossal magnetoresistance in manganites.
The manganese-based perovskites La^JVle.MnO, (Me = Ca, Sr, and Ba) have recently been the subject of intensive investigations because of their unusual and potentially useful magnetic properties (e.g., the colossal magnetoresistance effect [1] ). At high temperatures these materials are paramagnetic and insulating; at low temperatures they are ferromagnetic and metallic-like for 0.1 < < 0.5. The temperature at which the insulatormetal transition occurs can be increased by applying a magnetic field. As a result, the electrical resistance of the material can be decreased by a factor of 1000 or more [1, 2] , if the temperature is held in the region of the transition. This phenomenon is now known as colossal magnetoresistance (CMR), and its microscopic mechanism is being actively sought. In the ferromagnetic manganites such as La1_vCaAMn03+l, it is easy to study the isotope effect on We", This is due to the fact that in the strongcoupling limit, where the Hund's rule coupling JH is very large compared to Weft (J" > Weff), the Curie temperature Tc « Wc" (Ref. [6, 7] ). The isotope dependence of Wefl can also be investigated in a ferromagnet SrRuO,, where Tc strongly depends on Weff, as indicated by a large pressure effect [8] . In the ferromagnet SrRuO,, however, the JT effect is very weak, so the isotope dependence of WCft might be very weak. Therefore, studies of the oxygenisotope effect on the Curie temperature in these ferromagnets can assess the importance of the JT effect in the formation of polarons. Here we report the oxygen-isotope effect on the ferromagnetic transition temperature Tc in the perovskites La,_.tCa.l.Mn03+v and SrRuO, (also see Ref. [9] Fig. 2 ). These exponents are considerably larger than those recently observed in the Sr-doped system La,_tSr.JvIn03+> (e.g., a0 = 0.19 for = 0.10; a0 = 0.14 for : = 0.15; a0 = 0.07 for = 0.3 [10] ).
To show that the observed oxygen isotope shifts are intrinsic, we have performed isotope back-exchange experiments (' -*180; ' -' ). In Fig. 3 we show the normalized magnetization for the ' and ' samples of La08Ca()2MnO?,+v before and after isotope back-exchange. It is evident that the Tc of the ' (' ) sample goes back completely to that of the original ' (' ) sample after the isotope back-exchange. This clearly indicates that the shift of Tc is caused only by changing the oxygen isotope mass.
It is also important to check whether the observed isotope shifts may arise from a difference in the oxygen contents of the ' and ' samples. We think this is very unlikely for the following reasons. First of all, the Tc of the La,-cCavMn03+v system is hardly changed even upon some extreme thermal treatments (e.g., annealing under 200 bars of oxygen pressure at 600°C and quenching from 1300°C) [11] , and the present ' and ' Fig. 4 we show the dependence of a" on the mean ionic radius (rA) at the cation site La,_fMer. The ionic radii of Lat-^Me* were calculated from tabulated values (La1+: 1.172 A; Ca2+: 1.140 A; Sr2+:
1.320 A (Ref. [13] ). It is evident that a0 increases rapidly with decreasing Temperature (K) Fig. 3 . Isotope back-exchange result for sample pair 1 of La,>xCa",MnO,+1 : Temperature dependence of the normalized magnetization for the " and ' samples of LaiBCa,,2MnO,., before and after isotope back-exchange. The symbol ( + ) denotes the " sample which has been back-exchanged from the original ' sample (denoted by open square). The symbol ( X ) represents the ' sample which has been back-exchanged from the original " sample (denoted by open circle). It is evident that the Tc of the " (' ) sample goes back completely to that of the original ' (' ) sample after the isotope back-exchange.
(rA). Although a0 may also depend on the Mn4+ concentrations, it is clear from Fig. 4 [10] . The solid line is to guide the eye. The isotope exponent a" increases rapidly with decreasing (r,,).
and (rA) has recently been reported by Hwang et al. [14] . They showed that the MR decreases rapidly with increasing (rA). Thus, the oxygen-isotope exponent a0 is correlated with the magnitude of MR. Since there is no oxygen-isotope effect on Tc in the ferromagnet SrRuO, with a negligible JT effect, the giant isotope effect observed in the Cadoped ferromagnets is very likely related to the strong JT effect in this system. For a compound with a strong JT effect, the electron-phonon interaction is usually large, leading to the formation of JT polarons [3] . Taking into account that the binding energy of polarons Eh in the JT compound is equal to the JT stabilization energy En (Ref. [5] , and Tc°c Weff for JH > Wen (Ref. [6, 7] ), one obtains from Eq. (1) Because increases with increasing EJT/W [4] , the above relation indicates that the isotope exponent increases with increasing £JT, but decreases with increasing W. For the manganites, an increase of (rA) usually enhances the covalency of the Mn-O bonding [15] , and hence increases the bare conduction bandwidth W, leading to a decrease of a,. This mechanism naturally explains why the oxygen-isotope exponent a0 increases with decreasing (rA), as shown in Fig. 4 .
Our results thus strongly suggest that in the CMR manganites there is a strong JT effect and thus a large electron-phonon interaction which leads to the formation of JT polarons [3] . This is also consistent with a very recent Wcff W ex.p(-yE]T/ñco). 
